site is dictated by prefened geometry of the metal ion and not the structural constraints of the sunounding protein. This finding, which could not be adequately predicted by modeling studies done on this system, is key to the design of a metal binding site. Of the three metals, the binding of zinc results in the most favorable binding geometry, not dissimilar to those observed in naturally occurring zinc-binding proteins. This work represents the first successful X-ray crystallographic investigation of a de novo engineered metal binding site in the absence and presence of metal ions. Peptide models have proved extremely useful in the elucidation of the structure of collagen and the triple-helical motif. We have crystallized three new triple-helical peptides and will report the results of the structural analyses of these collagen-like peptides. One of these peptides is a homotrimer in which 12 residues from human type III collagen are embedded. This imino acid-poor region is located near the unique collagenase cleavage site and contains a glycine residue known to be the site of a lethal Gly->Ser mutation. This structure could potentially help resolve issues of interchain hydrogen bonding in imino acid-poor regions. Another of the pep tides is missing a hydroxyproline at the center of the triple helix, therby interrupting the repeating Gly-X-Y pattern. This omission models a type of break that occurs frequently in nonfibrillar collagens and is found to a lesser extent in noncollagenous triple-helical proteins, such as Clq and mannose binding protein. It is possible that such interruptions may be important to molecular structure or supramolecular association. A third peptide containing lysine and glutamic acid was synthesized to examine the effect of a pair of adjacent char·ged residues on a triple helix and the role electrostatic interactions play in triple-helical conformation. The deoxy and cyanomet structures of the potential blood substitute rHb 1.1 reveal a new quaternary structure for hemoglobin and demonstrate the importance of small conformational changes far from the hemes and the allosteric interface. rHb 1.1 is produced by Somatogen, Inc. and contains four changes relative to human hemoglobin A 0 : a glycine that covalently joins the two a-chains, the naturally occuring Hb Presbyterian mutation (Asn~108-7Lys), and Vall-7Met in the a-and ~-chains. The glycine bridge forces cyanomet rHbl.l (determined at 2.6 A resolution) to adopt a previously unobserved quaternary stmcture, bringing the number of observed ligated quaternary stmctures to three.
The deoxy and cyanomet structures of the potential blood substitute rHb 1.1 reveal a new quaternary structure for hemoglobin and demonstrate the importance of small conformational changes far from the hemes and the allosteric interface. rHb 1.1 is produced by Somatogen, Inc. and contains four changes relative to human hemoglobin A 0 : a glycine that covalently joins the two a-chains, the naturally occuring Hb Presbyterian mutation (Asn~108-7Lys), and Vall-7Met in the a-and ~-chains. The glycine bridge forces cyanomet rHbl.l (determined at 2.6 A resolution) to adopt a previously unobserved quaternary stmcture, bringing the number of observed ligated quaternary stmctures to three.
The overall structure of the deoxy rHbl.l at 2.0 A resolution is very similar to deoxy human hemoglobin A 0 . The Asn~108-7Lys mutation, however, produces a new hydrogen bond in the relatively rigid a1~1 interface which does not fom1 in the cyanomet stmcture. Thus, this mutation stabilizes the deoxy state relative to the ligated states and demonstrates the imp01tance of small confom1ational changes in the a 1~1 interface which is often incorrectly regarded as rigid.
The plurality of high oxygen affinity forms of hemoglobin contrasts with the uniqueness of the low affinity form and suggests an important rule for allosteric proteins: one functional state is achieved only within a particular·, well-defined stmcture (T for hemoglobin, high kcot for an enzyme) while the other ("R" for hemoglobin, low kent for an enzyme) can be achieved by many structures. Mutations ar·e more likely to affect the functional properties of the former state than the latter. PS04.14.13 STRUCTURE DETERMINATION OF THE COMPLEX BETWEEN DIPHTHERIA TOXIN AND ITS RE-CEPTOR. Gordon V. Louie, Walter Yang, Mar·ianne E. Bowman, Senyon Choe, Structural Biology Laboratory, The Salk Institute, 10010 North Torrey Pines Road, La Jolla, CA 92037
The first step in the cytotoxic action of diphtheria toxin (DT) is binding of the toxin molecule to the surface of a susceptible cell. The cellular receptor for DT binding is the membrane-anchored precursor of heparin-binding epidermal growth factor (HBEGF). We have determined the crystal structure of a 1:1 complex between DT and a soluble fragment of HBEGF. HBEGF in the complex adopts the typical EGF-like fold, with its principal Bhairpin packed snugly against the face of a B-sheet in the r~ceptor binding domain of DT. The central portion ofthe ~ llOO A2 interface is predominantly hydrophobic; eleven hydrogen bonds ar·e fom1ed between the two molecules ar·otmd the periphery of the interface.
Our structural information on the atomic interactions between DT and HBEGF is providing a basis for designing mutations that will alter the binding specificity of DT. The long-term objective is an engineered toxin that will recognize heregulin, another member of the EGF-family. Heregulin is overexpressed in some cancerous cells, and also acts as the activating ligand for the HER4 receptor, which is overexpressed in breast carcinoma cells. A heregulin-specific DT may be a useful therapeutic agent for the inhibition of growth of breast cancer cells.
Crystals of the DT-HBEGF complex belong to space group C222 1 , with unit cell dimensions a=88.84, b=103.19, c=l26.52 A and a single copy of the complex in the asymmetric unit. The position and orientation of DT were determined by molecular replacement, with X-ray data measured on an image plate detector and a rotating anode source. Subsequently, the HBEGF portion of the complex was built into difference density. The current atomic model contains the entire DT molecule, and 40 amino-acid residues of HBEGF. It has been refined to a11 R-factor of 0.224 for all reflections in the resolution range 10-2.6 A. Confonnational cha11ges in the structures of proteins which gate the access of substrates or ligar1ds to ar1 active site me importa11t features of enzyme function. We describe ar1 unusual example of a structural rearTa!lgement near-a bwied artificial cavity in cytochrome c peroxidase (Fitzgerald et al., 1994 ) upon binding of a positively char·ged benzimidazole that opens a cha11nel to the buried cavity a11d appar-ently represents the entry of liga11ds to the bwied cavity. A hinged rotation at two residues, , results in a surface loop rearTa!lgement that opens a lar·ge solvent accessible cha!lnel to a11 otherwise inaccesible binding cavity. High resolution crystal stmctmes have allowed detailed char-acterization of this rearrar1ge-ment which includes a cis-tran proline isome1ization and an asparagine swapping the side-chain oxygen for a main-chain carbonyl. In contrast, several structures of other bound ligands shows the gate to the cavity in a closed confmmation and one li£and disorders the £ate so that it is no longer visible in the electron denisty. Solution-state kinetics st11dies indicate that this conformational chan£e is not an mtifact of the crystallization conditions. The trapping ~f the open confom1ation provides a unique view of the extent to which protein dynan1ics can allow small molecule penetration into "inaccesible" protein cavities. Cholera toxin m1d E. coli heat-labile enterotoxin are closely related AB5 hexan1eric assemblies secreted into the intestine dwing bacterial infection. Together they m·e responsible for over a million deaths annually. As with many other bacte1ial toxins the catalytic activity resides in a separate 'A subunit, while receptor binding and delivery of the toxin to the target cell is mediated by a sepm·ate' B' fragment, in this case a pentan1er which binds to the oligosacchm·ide of ganglioside GM l.
In addition to their deleterious biolo£ical effect as toxins.
however, these molecular assemblies exhibit~a remarkable abilitv to stimulate the immune system. In particular they are capabl~ of evoking a strong mucosal inmmne response when administered orally or intrm1asally, and have been repmted to confer the san1e sort of evoked response to co-administered antigens. It is therefore of great interest to dete1mine whether these toxins can be en£ineered to lose toxicity while retaining their immunological properties. We report here our recent crystallographic studies aimed at understanding both cmbohydrate recognition by the receptor binding site m1d substrate recognition by the catalytic site. In particulm· we repmt the structures of oligosaccharide complexes with mutant toxins exhibiting altered receptor binding specificity. m1d also the structure of an engineered mutm1t at the active site with altered toxicity. PS04.14.16 THE STRUCTURE OF A DESIGNED PEPTIDE REFINED TO 2.1 A RESOLUTION. Nancy L. Ogihara, Manfred S. Weiss, William F. DeGrado. and David Eisenber£.
UCLA-DOE Laboratory of Structural Biology and Molecul~r
Medicine, Box 951570, University of California, Los Angeles, Los Angeles, CA 90095-1570
The three-dimensional structure of the designed peptide Acetyl-E VEALEKK VAALESK VQALEKK VEALEHG-anlide has been determined and refined to~ crystallographic R-factor of 21.4% for all data from 10 to 2.1 A. resolution. In the tri£onal crystaL three molecules, related by a crystallographic 3-fold axis form a pmallel three helix bundle. The bundles m·e stacked headto-tail to fonn a continuous coiled coil along the z direction of the crystal. The contacts between neighbming helices within the coiled coiled are mainly hydrophobic; four layers of valine residues alternating with four layers of leucine residues fmm the core of the bundle. Mostly hydrophilic contacts mediate the interaction between tiimers. Here, a total of 2 solvent mediated hydrogen bonds and 2 direct protein-protein hydrogen bonds are found. Based on the structure, we propose a rule for designing crystals of pep tides containing continuous 2-, 3-, and 4-helix bundles. The extent to which disordered water molecules occupy hydrophobic cavities in proteins has been the subject of considerable debate. In some cases, the techniques of NMR spectroscopy and X-ray crystallography have provided seemingly contradictory estimates of the solvent content of apolar cavities (Ernst et aL (1995) , Science 267, 1813 Science 267, -1817 Matthews et al. (1995) , Science 270, 1847 Science 270, -1848 . In an effort to resolve whether it is possible to detect fully occupied yet disordered molecules in a protein cavity using crystallographic methods, we have determined the crystal stryctures of several complexes of small, electron-dense molecules bound within cavity-containing mutants ofT4lysozyme. Two classes of probes have been studied in this manner: noble gases, such as krypton and xenon; and alkyl halides, including alkyl bronlides and iodides. Althou£h these li£ands bind within the cavity, they do not do so in a di~ordered f;shion. Rather, it appears that there are preferential binding sites which are highly conserved among the different ligands. Factors which influence the location of these sites will be discussed. a-1-antitJ-ypsin, which is a member of serpin family, controls the level of neuu·ophil elastase in plasma by inhibiting its activity. The conformation of the mobile reactive loop and the relative instability of the native a-1-antitrypsin m·e implicated in the inhibitory mechanism. The crystal structure of a mutant form of the uncleaved o:-1-antiti-ypsin with stabilization mutations at seven different positions (hepta a-1-antitrypsin) has been determined at 2.7 A resolution. The structure was compared with the structures of other serpins to understand the stabilizing effect of the mutations. We found that hepta a-1-antiu·ypsin is stabilized by vmious mechanisms. i) relaxation of a conformational stJ·ain by removing unfavorable overlaps of Van der Waals radii. ii) stabilization of hydrophobic cores by addition of better hydrophobic interactions. iii) destabilization of the loop inseiied stmctures. Among these, the stabilization by the relaxation of the conformational strain by the F51L mutation underscores the importance of the cenu·al hydrophobic core region in the sheet A opening of the serpins. PS04.14.19 X-RAY ANALYSIS OF HEAT-RESISTANT MU-TANTS OF HU PROTEIN Takahiro Tominaga*, Shunsuke Kawan1ura, Makoto Kimura, Atsushi Nakagawa*, Isao Tanaka*, *Division of Biological Science, Graduate School of Science, Hokkaido University, Sapporo, 060, Japan, Laboratmy of Biochenlistry, Faculty of Agricult!U'e, Kyushu University, Fukuoka, 812, Japan HU protein is ubiquitous in eubacterialldngdom. This small basic protein of moleculm· weight 9,500 is also known as DNA bending protein. Its anlino acid sequence is highly conserved, e.g., B.stearotlzermophilus and B.subtilis have only 12 different residues. However the HU proteins of the two species have quite different them1al denaturation temperature (B.st 65°C, B.su 48°C ). To elucidate the relationship between structure and thermostability of B.st and B.su HUs, we constructed Tl3A, T33L, E34D, and K38N mutants where the amino acids in BstHU were changed to the corresponding ones in BsuHU. Mutant proteins were expressed,
